Abstract In recent decades, Amur sleeper is one of the most invasive fish species in Eastern and Central Europe. Generally, it is assumed that success of an invasive species can largely depend on the plasticity of its life-history traits, e.g., indicated by higher investment in reproduction in the initial stage of its invasion. On the other hand, such energy allocation to production of gonads should negatively impact somatic growth rate. The aim of this article was to explore this phenomenon in a non-native population of Amur sleeper inhabiting artificial reservoir on a large lowland river in Central Europe. Through analysis of the population age structure, sex-dependent growth rate and life-history traits we assessed investment in reproduction and its possible relationship with growth pattern as well as compared the results with literature data from native and introduced range. Samples collected monthly from April 2005 to March 2006 were used to estimate sex ratio, GSI, fecundity, eggs diameter frequency over the year, duration of spawning season, and mode of spawning. Age structure was calculated from scales and the same data were also used to back-calculate standard length (SL) at age. The population in the Włocławski Reservoir was represented by eight age groups, and its life span was one of the longest recorded both in its natural range and introduced areas. The weightlength relationship showed that the Amur sleeper grew isometrically and there was no difference between females and males. Although the Amur sleeper growth rate was relatively slow in the Włocławski Reservoir, its increment in the first year of life was comparable to that in other introduced areas and higher than in its natural range. The female age of maturation (1?) found in the reservoir was earlier than observed in its natural range as well as in most introduced areas (2?, 3?). Female length at maturation was similar to that reported elsewhere. The back-calculated standard length (SL) of females and males showed that in the first two age classes (1 and 2) males achieved larger SL than females. Meanwhile, at age 3, 4 and 5, females were larger than males but these differences were insignificant, except for class 5. For both sexes the average annual increment of SL decreased with age but in females the increment was always higher than in males (P \ 0.05). The growth rate differences between Handling editor: M. Power
Introduction
Species with wide range distributions display a great variation in life-history traits, which are responses to local environmental conditions (Svardson, 1949; Southwood, 1988) . In many cases, such variation shows a geographical pattern (Mann et al., 1984; Vollestad & L'Abbe-Lund, 1990 ). The strong effect of local environmental conditions on life-history strategy modifications was well documented in a bullhead (Cottus gobio) reciprocal transfer experiment (Mann et al., 1984) . Species invasions far beyond their native regions are a kind of unintentional natural experiment which give an particular opportunity to show the phenotypic plasticity of lifehistory traits among geographically distant populations exposed to different environmental conditions (Rice & Sax, 2005; Villeneuve et al., 2005; Fox et al., 2007; Kováč et al., 2009; Ribeiro & Collares-Pereira, 2010) . Furthermore, life-history traits may shift over time in the same introduced population, e.g., from an early invasion stage soon after species arrival until the population becomes well established (Bøhn et al., 2004; Fox et al., 2007; Britton et al., 2008) . Thus, it has been hypothesized that the success of an invasive species can be strongly dependent on the plasticity of its life-history traits Ribeiro & Collares-Pereira, 2010) .
The Amur sleeper (Odontobutidae, Perciformes), or rotan (see Bogutskaya & Naseka, 2002; Reshetnikov, 2004 ) is one of the most invasive fish species in Eastern and Central Europe of recent decades . The species originates from the Far East Asia (Miller & Vasil'eva, 2003) , and was initially brought in 1912 to St. Petersburg and then to the Moscow area in 1948. It soon spread and was reported from many other localities in the former Soviet Union (Litvinov & O'Gorman, 1996; Bogutskaya & Naseka, 2002; Reshetnikov, 2004 ). In the Central Europe, it was recorded in the Vistula River basin in 1988 in Ukraine (Movchan, 1989) and later in 1993 in Poland (Antychowicz, 1994 , Terlecki & Pałka, 1999 . Since the late 1990s, it has been found in several locations in the Danube River and/or its tributaries in Hungary (Harka, 1998) , Slovakia (Kautman, 1999; Koščo et al., 1999) , Romania (Nalbant et al., 2004) , Serbia (Š ipoš et al., 2004) , and Bulgaria (Jurajda et al., 2005) . In the North, it was noted in Gulf of Finland (Orlova et al., 2006) and in the Arkhangelsk Province of Russia (White Sea basin) (Reshetnikov, 2004) . Its accelerated expansion was documented at several occasions as connected with Asian cyprinid stocking (Litvinov & O'Gorman, 1996; Reshetnikov, 2004) .
Although the role of human-mediated factors was crucial for the extensive expansion of the Amur sleeper, it seemed to be especially important only in the first stage of invasion episode, i.e., introduction. The biological features of the Amur sleeper facilitated its establishment and spread from the initial areas of introduction. On many occasions, the rapid increase of Amur sleeper abundance was observed soon after introduction (Bogutskaya & Naseka, 2002; Koščo et al., 2003a) . After its first record in Poland in 1993 (Antychowicz, 1994) , the Amur sleeper very quickly spread along the Vistula River and locally it became a dominant fish species (Grabowska et al., 2009) . While the expansion of Amur sleeper in Europe is well documented, the most of available data of its life-history come from the native range and several localities of the fish introductions in Russia (see Bogutskaya & Naseka 2002, for review) .
There is only one paper analyzing the growth of this alien species in Central Europe (Koščo et al., 2003b) but there are no data on the other aspects of its life history. In this article, we fill this gap. Our aim was to describe the age structure, growth rate and life-history traits (age and length of maturity, fecundity, GSI, duration of spawning season and mode of spawning) of the Amur sleeper in the lower Vistula River, Poland, with implication to its invasive potential.
Materials and methods
Fish were collected in the Włocławski Reservoir, located in the lower section of the Vistula River (Baltic basin, Poland). This river drains a surface area of 194,424 km 2 over its 1047 km length. The Włocławski Reservoir, located 617 km downstream from the river source, is a riverine in character, with a width of 1.2-1.4 km, a surface area 70.4 km 2 and total volume of 387.2 9 10 6 m 3 . Samples were taken at a site situated on the southern bank of the reservoir (N52°32 0 58 00 ; E19°34 0 29 00 ), where two small inflows of the reservoir form extensive bays sheltered by peninsulas from the main water current. This location was characterized by stagnant water, a sandy substrate with thick layer of mud, and dense areas of submerged and emergent vegetation (Elodea canadensis, Potamogeton perfoliatus, Phragmithes communis, Typha sp., Carex sp.). The Amur sleeper was the dominant species in the sample site. Other species present were Eurasian perch Perca fluviatilis, roach Rutilus rutilus, spined loach Cobitis taenia, bitterling Rhodeus amarus, stickleback Gasterosteus aculeatus, racer goby Neogobius gymnotrachelus as well as single individuals of the chub Leuciscus cephalus, ide Leuciscus idus and pike Esox lucius. Fish were collected in the littoral zone at a depth 0.5 to 1.7 m by electrofishing with a battery-powered unit (350 V, 20-100 Hz). Samples were collected monthly from April 2005 to March 2006. In the laboratory, Amur sleepers were weighed (nearest 0.01 g), and measured for total length (TL, nearest mm) and standard length (SL).
To examine age and growth parameters, scales of 135 specimens collected in October and December 2005 were taken from between the lateral line and first dorsal fin. Age was determined from acetate impressions of scales, read on a micro-projector (magnification: 489 and 249), with annuli identified using criteria of Steinmetz & Müller (1991) . The number of true annuli was interpreted independently by two researchers. Samples with ambiguous age readings (less than 6%) were not used in age and growth analysis.
Back-calculation of SL at age was undertaken using the linear relationship between scale radius and SL (Francis, 1990 ) and the regression for this relationship was SL = 4.156 ? 8.094 9 R, r 2 = 0.590, n = 116. Back-calculated standard lengths were compared between sexes by nested ANOVA (Zarr, 1984) . To describe growth pattern of all specimens as well as separately for males and females, we used the von Bertalanffy and Gompertz models (Ricker, 1975; Bagenal & Tesch, 1978) . Parameters for this model were based on the back-calculated data and were determined with FiSAT software (Gayanilo et al., 1994) . The von Bertalanffy growth function was:
where L t is standard length (mm), t is age (years), L inf is the asymptotic standard length (mm), t o is the origin of the growth curve, and k is the rate at which the asymptotic length is approached. Because L inf is negatively related to k parameter (Moreau et al., 1985) the index of growth performance u 0 (Munro & Pauly, 1983 ) was calculated as:
The Gompertz growth function used was:
where W t is weight (g), t is age (years), W 0 , is weight at the conventional time t 0 , G is the instantaneous growth rate at time t 0 , and g describes the rate of decrease of G. The fish weight in each year of life was estimated from the length-weight regression, calculated at the end of a growth season, i.e., October and December. The parameters of this growth model and their standard errors were calculated using nonlinear regression (Statistica 6.0). To compare the Amur sleeper growth in different locations the standard growth curve was obtained and the relative growth index was calculated (Hickley & Dexter, 1979) . Gonads of each individual were inspected to determine the sex and sex ratio variation over the year. Only females were used to assess reproductive traits. The gonads of 263 females and 121 males were dissected out and weighted to nearest 0.001 g (Wg). The gonadosomatic index (GSI) was defined as GSI = 100 Wg/W. The diameter of *50 randomly sampled oocytes from each of females were measured on a binocular microscope (magnification: 169) and then pooled data were used to determine the size frequency for consecutive months over the year. The fecundity of 60 females collected from April to August 2005 was estimated as the number of yolked eggs (i.e., of diameter larger than 0.36 mm according to Travkina (1997) since at this stage, the cytoplasm of an oocyte becomes gradually filled with yolk vesicles).
Age at maturity was calculated from mature females in each age-class using the DeMaster's formula (1978) , as adapted by Fox (1994) :
where a is the mean age of maturity, x is the age in years, f(x) is the proportion of fish mature at age x, and w is maximum age in the sample. Age of females was determined from scales as described above.
Female were considered as mature if yolked eggs were present in gonads. Length at maturation was determined using a modification of this formula, with 10 mm length intervals in place of age classes (Tripple & Harvey, 1987) .
Results

Age and growth
Among 602 fish collected between April 2005 and March 2006, 275 individuals were identified as females, 250 as males and 77 as juveniles too young to be sexed. The overall sex ratio did not differ from parity (1:1, z = 1.091; P = 0.8624). Standard length ranged from 35 to 142 mm for females and 47 to 130 mm for males. The relationship between TL and SL was described by equations: TL = 1.14 SL ? 3.39; r 2 = 0.994 for females and TL = 1.13 SL ? 4.71; r 2 = 0.970 for males. The Amur sleeper population in the Włocławski Reservoir was represented by eight age groups from 0? to 7? (Table 1) . Age 5? individuals dominated in the population, representing 26% of all individuals sampled.
The back-calculated standard lengths at age are presented in Table 1 . The nested ANOVA revealed significant differences in SL between sexes (F 2;36 = 11.795; P = 0.0001) and age nested in sex (F 11;36 = 63.473; P \ 0.0001). Post-hoc comparisons (the Tukey test) showed that at the first two age classes (1 and 2) males achieved larger SL than females (Table 1) . Meanwhile, at age 3, 4, and 5, females were larger than males but these differences were insignificant (Table 1) . For both sexes combined the average annual increment of SL decreased with age but the females increment was always higher than males one (P \ 0.05).
The von Bertalanffy growth function well fitted the back-calculated length at age data for both sexes as well as pooled data which was confirmed by high values of coefficient of determination (Table 2) and was in agreement with Taylor's (1962) criterion. According to it, the maximum observed length should constitute approximately 95% of the estimated asymptotic length L inf . The maximum observed SL for females was 142 and 130 mm for males which constituted 78.2 and 92.1% of the females and males, L inf , respectively. Thus, the model was suitable for males but slightly overestimated for females and pooled data (78.2% of L inf ).
The parameters of von Bertalanffy model revealed sexual differences in length at age. The female asymptotic length was significantly higher than that of males (t = 14.89, P \ 0.0001), but the differences between sexes in k, t o and u 0 were not significant.
The Gompertz function provided a good fit for the females and both sexes combined, but the parameters estimated for males had very large asymptotic standard errors (Table 2 ). In such situation, comparison between sexes was not done as it would be considered unreliable.
The regression of fish body weight on SL (log 10 transformed data) showed that Amur sleeper growth was isometric (b = 3) and there was no difference in slope between females and males (t = 1.116; df = 549; p = 0.265). The appropriate equations are: for female log W = 3.006 9 log SL -4.548; r 2 = 0.987; for males log W = 3.051 9 log SL -4.618; r 2 = 0.987. However, seasonal variation in slope values was noted for females (F 4;276 = 3.311; P = 0.0206) but not for males (F 4;261 = 0.511; P = 0.6744). It was due to a positive allometric relationship in spring and negative one in winter observed only for females (Table 3) .
Reproduction
At the beginning of April, the average females gonadosomatic index (GSI) was 8.3% (range from 4.1 to 13.6), for males it was much lower, 1.1% on average (range from 0.59 to 1.9). Female GSI in April was correlated with fish size (log GSI = 0.647 9 log SL -0.569; r 2 = 0.50; P \ 0.002). Male GSI in the same period was not significantly correlated with SL (log GSI = 0.009 9 log SL -0.309; r 2 = 0.22; P = 0.17). For both sexes, GSI reached the highest values from April to August (Fig. 1) . However, in these months, we observed large differences between minimal and maximal values of GSI, and apart of Mean SL increment (mm) 13.9 12.4 10.0 6.7 22.4
The overall means by age class and their SE were calculated from whole data set. Differences in means back calculated SL between sexes were analysed with the t-test Hydrobiologia (2011) 661:197-210 201 April, GSI was not related to the fish size (r 2 varied between 0.01 and 0.04; P [ 0.1). Only larger females had relatively high values of GSI in August (Fig. 1) , while gonads of small ones were empty.
At the beginning of the reproductive period (in April) the mean fecundity (Fa), was 7,766 eggs per female and ranged from 1,963 (at 48 mm SL) to 23,479 (at 129 mm SL). It was correlated with female size as in formula Fa = 0.2539 SL 2.1594 ; r 2 = 0.82. At the end of the spawning season in August only larger females still had relatively high fecundity with maximum Fa = 9149 for a female 139 mm SL. In contrast, relative fecundity (Fw), relating number of eggs to female weight, actually decreased with fish length ðFw ¼ 654:19 Â SL À 3:857; r 2 ¼ 0:40; P\0:001Þ:
The egg diameter histograms revealed two sizegroups of oocytes in gonads: small 0.1-0.9 mm and large 1.0-1.8 mm (Fig. 2) . It can be related to multiple spawning with at least two egg laying episodes. There were no large oocytes in ovaries from September to April. The highest percentage abundance of large oocytes was found in late April, when this fraction of eggs constituted 40% of all oocytes in ovaries.
The females matured at the age 1?, at the standard length of 52.4 mm on average. The smallest male with well developed gonads was found in June during the reproductive season (57 mm SL). The length structure of males and females during spawning (Fig. 3) showed that males smaller than 55 mm SL (the back calculated length at age 2) constituted only 3.2% of all males that were sampled in that period and their gonads were immature. Females of similar size were more frequently found and more than half of them (70%) had matured gonads.
Considering the GSI values ( Fig. 1 ) and oocyte size distribution (Fig. 2) , it can be said that spawning in the Włocławski Reservoir lasted from April to end of August.
Discussion
Literature data show that the growth rates of Amur sleeper vary considerably in its geographic range (Table 4) . Such a large variation in growth is a common phenomenon in widely distributed fish species (Mann, 1991) observed as well inside native area, e.g., in dace Leuciscus leuciscus (Lobon-Cervia et al., 1996) as in newly colonized places, e.g., in pumpkinseed Lepomis gibbosus (Villeneuve et al., 2005) . In case of the Amur sleeper, the von Bertalanffy growth model was successfully fitted only for the Włocławski Reservoir population, but not for the other published data, what restricted the further comparisons among populations within range of distribution. However, analysis of growth curves including the observed SL revealed that in the reservoir, from age class 2? onwards, the Amur sleeper grew slower than in other locations (Fig. 4) . Generally, the species exhibits superior growth in introduced than in native water bodies ( Fig. 4 ; Table 4 ). This discrepancy was especially visible in older age groups, i.e., 3? and 4?. It is likely due to differences in climate, food resources, density dependent factors, etc. The influence of these factors was noted in both native and introduced location in the former Soviet Union (Bogutskaya & Naseka, 2002) . On the contrary, although the species growth rate in the Włocławski Reservoir was lower than in others places, its life span was one of the longest recorded in that the 7-year-old specimens found are 3-4 years older than the maximum age recorded in many other populations (Table 4) . Individuals older than 4? Hydrobiologia (2011) 661:197-210 203 were either very rare or not recorded at all, both in its natural range (Kirpichnikov, 1945; Berg, 1949; Nikolsky, 1956 ) and introduced areas (Spanovskaya et al., 1964; Koščo et al., 2003b; Dgebuadze & Skomorokhov, 2005) . However, in Lake Glubokoe the species was reported to live up to 10 years and to reach a TL of 250 mm (Reshetnikov, 2001) . Litvinov & O'Gorman (1996) also distinguished seven age classes in the Selenga River (the Baikal drainage).
The year of hatching of the oldest (7?) individual in samples from the Włocławski Reservoir, i.e. 1998, coincided with the first documented records of this species in this water body, when a few specimens were found in two localities (Kakareko, 1999) . One year earlier, it was also found in an oxbow lake in the Vistula River in close vicinity of the reservoir's back water (Kostrzewa et al., 1999) .
The most numerous age group was 5? (26% of all collected specimens) followed by 4? (20%). Usually, the abundance of subsequent generations declines with age. Populations of Amur sleeper dominated by one cohort were observed in many lakes in former Soviet Union as a result of one especially successful reproductive season (Bogutskaya & Naseka, 2002) . The domination of age 5? individuals in the Włocławski Reservoir can be partly explained by optimal local conditions observed in the year they were produced. Year 2000 had abnormally warm winter months in the period 1994-2007. It probably positively influenced overwinter survival of YOY from this year-class.
Although the Amur sleeper grew relatively slowly in the Włocławski Reservoir (Table 4) , its increment in the first year of life was comparable to that of other introduced areas and higher than in its natural range (Fig. 4) . Such an accelerated growth rate allows these fish to mature early (e.g., Hutchings, 1993; Fox, 1994; Tarkan, 2006) . The female age of maturation 1? found in the studied reservoir is earlier than that observed in its natural range (2?, 3?) (Kirpichnikov, 1945; Nikolsky, 1956 ) as well as in most introduced areas (Spanovskaya et al., 1964; Litvinov and O'Gorman, 1996) , where fish matured at the age 2?, although specimens maturing in the second year of life were also found. Interestingly, length at maturation in the Włocławski Reservoir is similar to that reported elsewhere, despite the differences in Fig. 2 Size-frequency distribution of oocyte diameter in Amur sleeper gonads from the Włocławski Reservoir age at maturity (e.g., 50-60 mm for the natural range (Kirpichnikov, 1945; Nikolsky, 1956) , while 45-70 mm (Spanovskaya et al., 1964; Pronin & Litvinov, 1994) and 40-50 mm (Zaloznykh, 1982) in a notnative area in Russia).
Fecundity of the Amur sleeper in the Włocławski Reservoir achieved comparable values with those found in literature (see for review Miller & Vasil'eva, 2003) . However, a comparison of fecundity in nestguarding batch spawners can be unreliable (Fox, 1994) . Generally, its fecundity was smaller relative to other freshwater fishes in Poland of similar size not exhibiting parental care. However, it was also higher than native nest-guarders, e.g., gobies (Brylińska, 2000) . Moreover, its reproductive success is augmented by specific features of spawning behavior, like a prolonged spawning season and parental care.
The spawning season in the Włocławski Reservoir was longer than that recorded for the Amur sleeper in its natural and introduced range, and lasted almost three months longer than in other regions (Miller & Vasil'eva, 2003; Bogutskaya & Naseka, 2002) . The duration of the spawning season increases with more favorable water temperature (Bogutskaya & Naseka, 2002) , and the Amur sleeper had optimal spawning conditions in the Włocławski Reservoir. During this time, females appeared to have spawned at least twice. According to Manteifel & Bastakov (1986) , smaller individuals seem to spawn only once. This is consistent with our results, as in August, only large females had high values of GSI and their gonads consisted mainly of large oocytes. Thus, smaller females ended their reproductive season earlier. On the contrary, smaller males probably delayed spawning until later in the season, as only one small male was found in April samples. Our data suggest that spawning was asynchronous, as indicated by high fluctuation of GSI values during this period. Histological studies of gonads showed high variation during the stages of oocyte and sperm development (Travkina, 1997) .
The Amur sleeper provides parental care, as males guard their eggs until they hatch, as well as fan the clutch with their pectoral fins and defend the nest aggressively. Parental care appears to be an important component of successful breeding. Such behavior is typical for other successful invaders in Poland and Central Europe, such as topmouth gudgeon (Pseudorasbora parva), Ponto-Caspian gobies (e.g., Neogobius melanostomus, N. fluviatilis, N. gymnotrachelus, P. semilunaris), pumpkinseed (Lepomis gibbosus) and brown bullhead (Ameiurus nebulosus), while only five native fishes in Poland build and defend nests as part of their reproductive strategy. While nest guarding increases offspring survival, it is energetically costly. The growth rate differences between females and males found in the Włoclawski Reservoir possibly resulted from unequal investment in reproduction. Analyzing the length structure of Amur sleeper in Włoclawski Reservoir during spawning season we suspect that smaller and younger males almost did not participate in reproduction. Thus, in , 2? , 3? , 4? , 5?, and 6? Hydrobiologia (2011) 661:197-210 205 the first year of life, males grew faster than females that matured at age 1? and had to allocate energy earlier from somatic growth to gonad production. As a consequence, up to their third year of life, males were larger than females of the same age. The larger size of the male is also beneficial for a nest-guarding species. First of all, in many cases a larger male is not only a more effective nest defender, but also in some species, large males receive more eggs than small ones (Wiegmann et al., 1992; Mackereth et al., 1999) . Secondly, the cost of parental care is high (Smith & Wootton, 1995) and usually accompanied by weight loss (Berghe, 1992) , so smaller males have less reserves to afford it or even may be less likely to recover from such investment (Berghe, 1992; Mackereth et al., 1999) . Thirdly, the nest guarding means a decline in food uptake or even starvation (Smith & Wootton, 1995) . The gut fullness coefficients of Amur sleeper males were much lower than females of comparable size range during spawning season in Włocławski Reservoir, while they were similar during the rest of the year. Moreover, during reproductive period, piscivory was recorded only in females, while in later months both sexes preyed on fish with equal frequency (Grabowska et al., unpub- lished data from the same material as in present studies). Apparently, nest guarding prevents male from chasing such energetically favorable prey. It has been demonstrated in many cases that reproduction strategy differs between populations and usually new invaded populations show greater reproductive effort than those being established for a longer time (Bøhn et al., 2004; Fox et al., 2007) . Increasing the reproductive effort, usually assessed as increase of GSI, can lead to decreasing the growth rate as a result of the energetic trade off between somatic growth and reproduction (Kozłowski, 1996) . In the case of the Amur sleeper, the energetic cost of reproduction cannot be estimated simply by gonad weight. It also includes parental care, early maturation of females, territorial defense, duration of spawning season and number of batches. Thus, the relatively low growth rate of Amur sleeper in the Włocławski Reservoir (Fig. 4) is likely the result of allocation of energy to early reproduction in case of females as well as of maximizing offspring survival by male parental care during prolonged breeding season.
In summary, the Amur sleeper can be described as a relatively small, early maturing species of medium life span, and relatively low fecundity, exhibiting parental care. Similar attributes of life strategies of alien, invasive fish species were found in the Danube (Er} os, 2005) . Such life-history traits place the species somewhere between opportunistic and equilibrium strategy in a three-point life-history continuum model proposed by and Winemiller & Rose (1992) . The opportunistic strategy maximizes colonizing capacity through early maturity and high reproductive investment in an environment that change frequently or stochastically on relatively small spatial and temporal scales. The equilibrium strategy is more advantageous in stable abiotic conditions with strong direct and indirect biotic interaction, because the species of greater investment in individual offspring through parental care succeed in such more competitive environment. In the light of some recent publications, various alien fish species may enhance their invasive potential through the ability to switch between these life strategies depending on the stage of invasion or on environmental conditions (e.g., Bøhn et al., 2004; Fox et al., 2007; Britton et al., 2008; Kováč et al., 2009; Ribeiro & Collares-Pereira, 2010) .
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